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(54) INTEGRATED CIRCUIT 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide LVDS I/O buffers 
maintaining high speed data transfer between package devices on a 
printed circuit board and between different back planes. 
SOLUTION: The operation points of LVDS input/output buffers 1 1 
and 12 are biased by voltage generated by a reference feed back 
circuit Output buffer voltage, current and input buffer impedance 
are kept constant regardless of all processes, voltage and 
temperature conditions. Thus, the voltage logic level of transfer data 
also becomes constant The reference circuit 45 can generate bias 
voltage for all input/output buffers on a chip by using one inner or 
outer reference resistor REXT, reference voltage VHIGH and VLOW. 
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(57) [Sft] 

tSLVDS 1 /0'<s» 7 r £tl{fci"5. 

j&l±. StiffiaiHlKIwJ: 9&j*snfc*ffifc. J: 9*4 T 

ta^)-'- 5 ^7Taff*5J;o 5 «;se, xt>*yyr4 

bb-f-Slc«fcn, tot, (mSt*— ^Otffns?? 
o o rt « * fc 14 fl- B5 S *S IS *t R ext t S *S «ff V H i gh & 
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1 

itnxm 1 1 mi ««ffi^ii**«tt**rr z% i &x 
(a) mEfiis«fc:«ttu ^o, siMSEy^ 

l^oftj&SftSU '<*T*«ffi«r#-r59S2'<'fT*«ffi 
4:*U 9* l S*l:o/i^ 

y - * *3 J: w JK l «ff M v-^offflK i£?ij lc o <t 
WE**** s^li, JHi*5J:tf*2¥*fifi««:fcJ: 

(B) 13 /<-f 7^«flES: tt 5* 1 «ff«»^Aft 

9* ittfiESfcH&tt, SKi*5J:VJS2fiiSI»«r5a5«trlB 

T«r*±+^ ^ 5 t^9S l *3 J: VJS 2/<-f T*ftffi*»£ 
U 

(D) Si j3j:U ? ^2^^r^^:a^J:U ? lWEA^S* 
9* 1*3 J: 1MB 3 **Mt. iCyiJIwO^^t), 9*2*5.*; 

si fiat* sn^J^^s^of^ow^ m 

2fiiS*l*. *2*3*T/9U** 
9Si*3-fcO s 9I4^'<^^3ft«fi*«ttt?*>0, J&2*5*tf 

91 3 ;* w * t * icje* bn^s i 

91 l*3*U<9S4;*>f 7*##fi»tt»T*>9 > 9*2*3* 
ESS. 



(2) 4#MSP1 1-8 5 3 4 3 

OTEW*flt*li, 911 ^4** y^tCWtttlifcWL* 
E-r-^A^fS*offl^StoT® U^^tM2 
2E«co^«Ih1SSo 

[t*#Jg4] ME«**-< j^tlWMrtt. 9* 2 tit* 

«ff^oft*n. *2«*«fftt. 9ri«**fl£a±o 

****#i-5ifc*r»1»4-rS»* 3 «3E*^*ai5I 

[1***15] SSlSWlslKtt, 

(E) JSlft*ttfiE. ftiVMftHlc^^r^Sh, 
*3 Klc*s^T9l29t£EIW»««y-^a3J:. 

WJWES*»a^n^it^Jlio*i«ixfc9I 5 ;* W yf^ 

tott*ix^»2«ffif(j»«dey— ^^J:o : «rEsai» 

(F) *5J:V*«««^x<*ix. S4y- 
FI^^T^ 2 nBLftmWtti/* * *5 J: VS«I98fit 
0IHlrii:jUI-oft*nfc9I6^W ^l:o/i»fcS2 

(J) 95 3 y— K{c*5W<5«£E*«S9E*AASWttffi £ 
^l<^4 y — KlC^WS9tEE*5|»EfiX*a*a£E^ 

fli^Mv'y^ *r-*n<eJx'<*f T *-tZ>% l *5 *t/» 2 
'<<< T £3§±-f 5»a®K £ * w £ £4#*8 
£ -T 3 Hi sR* 2 E« <^3§l£5 0 5So 

[W#*S6] 1ffiE»»Is]KWt. I 

(H) 951 'MT*ttffi*W*fc LT*U *>o, ffjE 
SA*S«tffi5J:i;f 3 y- F£*5ttS*£*A*J& 

12, »2«ffi«l»«Sty— ^«riiS*i««)*^*^JS3 
y- Klc^^5«Elwja!H«lc«#"f<5 J: o lco*# 
*U 

( I ) 9r2^^r^*ffi«rHl*i: Ittl, *>o. 
M^E^J:^ 3 y — KlciSlUSE^AA^ 

#-#-59* 2 a-^r *u 

JWEAA«ffiWt. JB2 9tfiE«W«*-»'^«:as««^ 

t/i2^7yroffiAiS3; — Komtrott^ixyt 

9t 2 ^ is* &#-t 5 ^ £4#«* ^ 6 5 Ett 

[!S5ft^ 8 ] mE*Mt&tt^95 1 fe^ffili . fiUESm 
fi*tffii:«t<, g2«E»W^y-^, I2SE»I 



(3) 

3 

[1****9] (j) &2i&£.mm\3\&\*> %\'<<<t* 

(K) fcttJRlfiUl'WT^Sn. f 3;-Kl:i3 

v * x m 2 kee m walk: v — ^ ^ m 2 ^je mm t&vt <o n ic 
(D ^2^<-<r^m^co^j^iot>^i-^ o , « 

v*T!S2«£E*H»«i*$''>'* fc*2«flE«WStft«>RHc. 
(N) S3 F\ztoljZti£E.&lK*fi£&9.E.lz.ni, 

[S*#*I 1 0 ] WIB»aial»Mt, JR 3 /<-f T*m&*r 
tf tttt, )K2«E««Pttttotttt« ^ 

Ifl«<D*«[s]l&o 

tt*«EE4:A;&i: Ittt^^T vy^rtl, fitrtSA 
JS2«flE«l«ilSa<o««:«*JB4 Ktc*5 

[tt#Jgl 2] »2«fiEfW»»«y-^. l2^Ei« 30 
6X4 ? 7-1***1**1* »l»flEW»«i*y~** *1 

[w*ja i4] m 2 tiEEmmmwt. % 1 ajEfWws 

«t-T *!*#*! 1 3tB«o3i!ffll3]&. 

itaao*a0sSo 

[1**3118] 7*- *<< fit It* 50 



1-85343 

*)'<y7 7 t%i&£Xf&2m&»<om<otitt<oft*i& 

[!**#! 9] ttttw'*— ://H»**A*£ tr*t 
Steffi* * El »*r*TU ^/naB 

[!S^2 0] IK 1 fltfi£fH«P««t». * l*S«fcV*2 
3K«^*SflsIS&. 

[M52i] mreade^-f y?mm®&\*s **>£ 

IB 1 - 4 ^ Y y f-tfi»«8i:/W 7^ t5 C 
[M**2 2] ««**-:/MS**rArti: tt*t 
f4, e^Y^-^fS^T^^^^-Ctt^^^l-JK^ 

5 1***12 lieia ornate 

[f***2 3] mfi'<?7T&£VAfi' < y7Tfrb 

(A) (tBAA^'^Ttt, » 1*5*0**2 A**:* 

(B) SSSaai^^y 7r»4, J|Si^J:o 5 3B2ajA«r* 

a^^^mi^*u i m2tt5^ora(w0^^o^* 

J) b (OMtwO^^oTt* 2 ffi^J^ 5/ 7 r ^ L., 
3i1Zt*}mti,#Ll&b LTMt6 ^ ^ SSS 1 ^-T 

2ffi*<Diaucac?ij*tt*ixrv^r , 

(D) ^2ffi^7^<?/7r^^?4, i/>^/^7^affl: 

^^A—^sriru *i*5rsa^^v^fc*tf*2 
&?mtsi£*ix^x. 

(E) Si^J:^2^>{5/f ^/l:o^ofcffi 



5 

miffl^tt* iWE««y~;MwOfc#tK 

(F) SBl KtZl*5^TlMjE'< !7-tfc*£:fc J: t/W 
J:0«l»Slx5»2 y - ^ *: #i" S * l 

(G) ^2 K^*5t N T®ife^fflKS*S*t^ra 

snaBa^t, 

(h) jRi srty — Ki-*3^6«ffi* ? mia*A*S*« 
EEI^gl«W^«Lv>J: £ ©TOE V — 

•flEfcdfctfU *>o, JB2£Wy-Kfc*3tt6«fiE#<S 
A*I*ttEI-S«WI^ 5 ft** 2 TlWEf 

«i»ai§i»ii. »2-5TS*i«y-^*iis*j«o*# 
o, »2^3E««^^^^a j 6««<o^**3&5jff4 y — 

[«5RJJ12 6] IB»«tt^WT^«ffi*ft*U, HtlE 

E«»««t^-<r^«EE^«L< , ffiEewyw T*£ 
SEJBtt, 

sei: /< * r * £ nfc s 3 pts5«« y * * u . 

(J) JB4£Wy-K^*3^r«»fc»2'5iaEA*»tt 
SS2tfitt^<-<r^SWIaIBW»«. lWE^?^7^ 



(4) M¥l 1 - 8 5 3 4 3 

e 

(K) g35»y- KK:fctf 5SflE#fflJESSA;b£»tt 
fiE^H«Wi-*U< . »4£*y— Kl£*3ttS*t 

ffi^lWE(ftA*£W«ffil-*»W«c:*Ui^J: £ 
^l!1JKffcf*i*££t''W T ^afiE*4«t5* 2 Jm5f [°3B £ 
£^-£w££#ta£-f*f3#5 2 4E^O«SI[lElBo 

[1*** 2 7] %2 *T«A*S*tttt. MEA*^ 7 

T K*5tf sm i ^rsA*»«t«>»f»»tt £ JMCtti-n i: 
7<rttfc*u *2»tt'<*rr;*«i»iiiB«#w:. m2tb# 

[tt*«2 8] »i AAtt. mi i/o;-ki:*^ 

lc*5i*T* 2 HtAlw^tttfS r *4Mt Jr-rsi** 3 * 2 
6E«^*Sfla]Bo 

11**3x2 9] si, js2«j:v»3 ■rac«*y— 

^ &tt*4l 2 8 E«^*^lHlB ft 

[I6#*S3 0] Jffl, #2:l8j:u<»3^Stti«*'>'* 
14, tWE^>^^^T^«£Ei:*bif^y— htEitt 
5MOS h7^#S:tt5itS:»«^t5ll#« 
2 8E«cO*^E5JBo 

*sj;t«&i «ras««y— ^*s.j:vjb2 i /o 

y— KolHfcofctf *»2*>r y^ifr^TU «2^^ 
mi I /OJ- K*3±VJB 1 
j<? S I NK<75nB^o*i?5»3^-f *5J:tfJ&2 I 

4^>f y^i:*:*-*-* wi:4r«*i:-*-SI»**H2 8E« 

[!t$«3 2] fSi^AX* yT<0**i*ii&* MO 
S h7^^«r*t5:^««it5ll*«3 IE 

[W3jtJg3 3] mi^J^A^tS^:i4. MBttXHtPt 

■#--5^ ^^4#t»^-T 511^52 8E«O^SIhIBo 
40 [tt**3 4] mi^TSA^ffi*tl4, «ftOll:9MRM 
ItMO S F7^^^^tl- ^MOS h 7 

£4$t8£-f *R#?I3 3E*^*WIhIB. 

tt5:t ^ + 5 !S*^i 3 4 E*^*ffllHlB. 

[W*JB3 6] ^lEA^^BtllHJBJi, 
5^ t«:4#iai:"t-5!fi*iS2 8EttoAff[s]B. 

[ISJRJS3 71 »l»aiBBtt.-. 



T 

£:A*£LT*rU ^o, fiijE y 7 *«ffi*r til 

5S2^ryr^tt^c^ 2 
K©Bi:oW5/>ft< H i 008 1 fc. 

113 7E«a*fIlglB. 

[SIW3 9] »2«S@Kli, ftjESSA^SmffiE 
*5<fctf8 3S?fiy- K^*tt*«fl£*:7.*4: Ltti» 

SIhIBo 

< 4: *> l ocDfimMPfiS^t^^r 5 ^ 4: 
WsfcJB 2 8 EJtt*>*»IUB. 
[t***S4 l] *UAlt IimW:o^l?, 8 

2 stsieom^iHj^. 

5IS**I2 8EIKa>*»IIIB.. 
[||*94 3] ffiiiaHl*»J»lal»lct 5SRt5:i 

8 2 « « / <W T ^ £ » lal B SB # *3 J: V 8 2 jg fit ✓< -f 7 

Bo 

[ffi**I4 5] 1*3*1**2***1-6 
8 l *s £U<8 2 5p«SfiiS«SJwOfe^ix^tt«cOlt*« 
4 3E»<£>34ffi©BTfcoT, ::-c, ffiEEBo^rix 
*Jxtt, miCiSifS^o^^n}tmitti^^J:U i m2fi 



(5) **H8^1 1 -8 5 3 4 3 
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jS2«icfe^re5J6i»i-ott^nfcjB2is]»fe*^5^ 
t fc4»**i-5**^*«E*. 

[1*3**14 6] 8i:|3*tfJl2igBfc:*3tf SSKl" 5 !* 

±r icssw £8 i -*]&?^Jjm.Wff ^£ 
(b) 82 y — Kici3if^r«*fii:iWESW««t^>RiJwa: 

(C) 1 1 S$Sff*5 J:^ l / - Kl^o^^ixfcA* 
1-<5JSH»»l§]Bi:, 

mi»a®Btt. 8i y-Kicio^5^:flE^8ism^; 

^ ^r^^ 7;* 

(D) 8 2g3*SEE*5cfctf8 2 / - KlcofcWxfeX* 

A£*1-58 2 4§a[e]B£&*ri^ rcir* 
SB2*§aiH]Btt> JS2y-Klcd3»5«fl£**»2*W* 
£E£ H^C#Jl^^ Lv N J; 5 lc8 l S£«»S«^y^ *:'< 
^f7^t5: 4r»* 7^0 K. 

4 8] 8 2 y — K33J: V3Ri»a-0»<oWA 

it^jsi K*J:v*2»a@BoiaAoM^oft3&« 

7E«^«^^7^IslBo 

[SS#*I4 9] 81 :fcJ:tf*2»SNH]Btt. *^7V 
^Sr*i- s'r.t*4*«i:-r«»*«4 7p«w««'<^ 
7^Is]Bo 

[SS^iflS 0] »*3S4 8 E* 7 * ISBlc 

J: t) /<^7^*ix5ta*^<y 7 7 ®BT*>oT, 

(E) i«rE'<P-lfc«6*««E*^ sr^oiBfcoaM**, 
JRi»aia'BoHi*«ffi^J: 9^£>ibn£«i£oy--* 

fc**tij;&s;«y— 

*0 (F) mE««^-<y^i*»^IHI-ott*«t>, 82*$ 
[!SJ^3g5 1] R*Jg4 7 E« 7 *@Bfc 

j: o / < ^ 7 ^ * n 5 1£ tt » tt^J W m B ii *5 r , 
(G) *3y-Kj^v^rttEttA«ie4:«ff«w««: 
Offl«wi£^J^03i365 < 582as»JWai?EV--^i:, - - 
5^ T, 
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bn^S^o^y^ £ ft t> , 

(I) »i»"lp«ff*iJ:V*3y-Kfc*il**«fiElco 

ff3«SE5is&ii. jf3;-KW05f;^»iSStg; 

ffi£3!ffWlc4S?L< ft«5£ 51-lfflEaffiWJWffitt*'^ 

r^+sr ^Sr4#«^i-*t6»«tt:*J»iai». 
[!S**I 5 3 ] 5 i E*<o|B»«tt«l»ISI»»c 

^t5AA^i/77 ESS* 

(j) ji3y-K^*v^riHE«*i*»i:«ff«l»*tt 
<Dra^a:^Ji-o^^5»2«ffi*j»s«e>'-^^. 

s^iftoy--;* £ ft 9 . 

(K) JR4 y — KJC*5V^r**^WE*ff«IWlft*t^>WI 

(D ® 2 IStE*; J; t/f 4 y - Ki:fci^SEl:o 
te#jh,SA*«r*U lWE*BE«l»S;«:icoft*<6U* 
4:*i-5»3»aiaJtti:«r*U. 

«3fflais)Rtt. S4 y- Klw*5»5tff^*2«il 
ff^IWI^K ft£ J: 5 t£ffiE«ffiffl«lft*t*:' < -< 

r. £ i:t5!I^I 5 4 E*otBtt«*t*l»E]». 

[SS#*I 5 6 ] t*#*S 5 4 lE^(Offi»)ffiei»J»lHlSS«C 

5»«t««:*rs«ffi«»A*iatt«r*-fS - * ***** 
[«Wo»*fflftK^l 

[0 0 0 1 ] 



(6) 4#H¥l 1 -8 5 3 4 3 
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[0 0 0 2 ] 

5J2£I3* *-f*««*A*«3D^5 7^ 5/^ co J: 

[0 0 0 31 ^12S?:±lf5*tt^UT, #<co*co 
^a-t 5/t^r*lcffl^5^^5. 5 ft:/°-t? 

^ (sci) \z£*)&ft£inZ>o :<osciil ^o-fe 

y IT <D HI tf> h7 VlT^a ^ (8*^.5. ^£ 

ii, i^^d^^ (ECL) flrfrl^/M-S^J 

BRTt^SlC/^ h/^co^«fcffi (1 6 try h^- 

[0 0 0 4 ] rtoj; 5ftS5= s ^ h^ECLft^^M 
iK&ttm-tZim* +»ft«WTfc6#ECL«* 

8ti:S»*ttft^n ha^&fi^fe-ttrT, ffi:^;* hftl7 
fa VKJlv^r******:*!-**^* 1 

(IEEE Computer Society) te. $ 
(LVDS:low voltage differential swing) 

*|*, IEEECJ:orK77FS$(^^T, Scalab 
le Coherent Interface (SCI) LVDS, IEEE STANDARD, p. 159 
6.3 (1993^9^90) i: LTaS^Jilt. 

[0 0 0 5 ] LVDS>f^7x^li*S& ( Jl:, 
SSWSSflfcSS (balanced interconnect environment) 

/0/^77 F7-f^Tfc5. I /0/<y77E*4, 

^. — ^ |- £ oTlgt 1 *)^. LVDSSSSlilft, .0. 
3 5 u CMOSfiffil:i3^T 7 0 0Mb / s ZmZ-X®} 

*v^y:/«ttoM*oftj&*ix3. UJ*^y7r«t v 4 

mACOft^-a^^^X.. **0, 1. 4^^bo O^hO 

5 J: 5l:^^T^Sno^tfco. ^OLVDSIh] 
ffiO^OloHT, i/OEH»to»ff#H4^tt*fc 

so sit. iifts'^y^ra-^JS*^**^^^*^ 
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[0 0 0 6 ] 

-yora^Sr-^^^t^LVDS I/O 
[0 0 0 7 ] 

SflSmSft R ext t mm^fr Vhigh*5 J: V v LO w^*£^ 

[ 0 0 0 8 ] 

Ott^6 < 3]/O/<5'77l0, 1 0' <D|a*r&>£p 1/ 

o/^7rio, l o'tt-tn^ix, m*)'<yyT i 
l , ii' £ y y 7 l 2 , 12' £r^i~£o -r— ^ 

riffi^^j'^T 1 1 4*3j;tfl 6 ^lotS 

l^y^fcttJ***^ A^J/^77l2'ia^2 

^ttfi»»i4\ i6'Sraottt»/<y77ii'l: 

.toffi^^n, A^^77i 2iaosif^^i 

77 l 2 14 Hi Blc^-Tct 5tcfci&»l 4, 160BC 
SlRtt^ftSw^^t 1 **. I/O/^77l0\ 1 

o', io"'tt, i^siao, 

[0009] 1/0/^7710 <Dmfi'<y 77 1 1 *5 

^1/^/^7 7 i 2 14*-*) i c^y7±.\zm%k£ti 

5 6 I /0/^77 1 0'Offi*/^77 11'. 
yyy 1 2'l4ra*(C»— Of-y^±^«JB*Jx, r*L 
14 I /O'* ^77 1 0 £r-£ti»t><0 £ !4SU"C*>oT t J: 
t\ ^<^77lUAA^5/77l2'(l, 200 

i/0/<ix7r io, l o' frio^^otefr^tz&lzfE 

(Dg^Ofc^), 1/0/^7710, io'J4PJ— £ 
U A»/<y7 7 1 2^RWI4B«lw^*^^7T 1 
2'^ria^i-5 1 b^^-r^o 

[0 0 10] 0 214. #«W<0— JMSMfctS^fcLVD 
Sffi^/^77 1 ^^^^^77 12fc^l 



(T) #&8^1 1-8 5 3 4 3 
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2'<oafflWttlaIKBT*>5. HA^y77l 114, S 

4. i 6^/a>fei*)B#K y^jsiV^V'^ t i,xmf& 
say— ^v DDQ r4affifW»a«£y 

— ;* 2 0 Co/j^^tl, mii»^^^f Al. Bl^ 
^o^5o fltffi»J»*8C^^^ 2 2l4«ifi^afeJiJ»tt 
^^^fB2, A2^rai:o/.t^ ciixktt^tvt* 
ft, l£^Ji-^^ ^fAl\ B l^£o/«£a*5o yf- 
Ah A 2, Bl, B2f4, nft^MOSh7^ 

TM5£-f 5 r £ t>~C# «ffifRlf9«i«y-^ 2 o £m 
ffiMWfttt^v^ 2 2o^-rr^^:ffvsouRCE^ctu : v 

sinkI4£W®»4 Six, £2£|g:£t5 8££ 

14, *f»ft^'<**T*>5'<#-T\ ^»3y#-*^h 

lowI4, ^ii5fi«j^7tI4rt^WVN-rnicj:oT^/«Lrt> 

[0011] XJi'<yyr l 2' (4. tEIMfttti 8':fc£ 
Vlt«« 1 9 ' £r*T*-*o IS 1 1 4 14, 

^^j/fAl, B 20R|o;- K,£2 4 tZ:fc^TttJ;fr'< 
j;77l i^toW?!?, ^2ffiS^^ei^^l 6*4, 
^OfBl, A20|Btf>/-K,£2 611^V^o4^ 
^ oTt^ e 1 6 14, ffi»S«tl 8'££*: 

#6 J: l 2'^i:oi^oti N 5. 

8'I4*50jo(DOj|SO'< Vt'- y>-x<Difi 2{£co&£t£ 
*-f5^<#T*>S. ftfflWfc«fcLT % <£i$»'<>'tr- 

^^^^11^5 0 0^*)^ j&s$ifiSta*i o o Qt? 

&>£p T^ft'^yyr l 2I4H8UC ttffi«H»««ti 8* 
frr-5o AA^7 77 i 2(Ofi*ti 8(:Mtt^it^ 

V source. Vsink. *5 2 0(0£8^E (tt*.l£. V 
^ high) orto i ojctt*i"5, 

[0 0 12] fclCt^Srlft^-f £>o ^^fAl, A2 
^HCT^St*, Bl, B2I4KJ#, igt^^itOo 

^^fAi, a2#mctv>* ftffiMWSJCy 
2 0 i«EEWJ»tt«v'>'* 2 2 SrSEixSaWE I 14, 
»Stl 8' £i§oTfii£i&l 4 4:10, i2 0Si5K^ 
Bil^UfcJ: 5t^eiS»i 6-^»iwj^6. ^«sir4, 

ttitesi 9'iaoa^^n5o bi, B2 

tfHWS^*, S86 I (4, .0 2<O^S1^J4jS?<0*»pI 
50 K««ti8 v «rXix. SKl8'4:i^or±EtEEB 
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[0013] teStl 8 ' *r*fc3&«S*ffitt. ^f^^>V 
HIGH*^V L 0W^^P*Tr6-<#"C*>S. B* /< 5'7r 

1 114, ftoT, ^fk^^W 6 

LOwOJJffc^ttl-ffioTSttl 8'Sr*fc^5«ffi«:lW«» 
+ 5. VHIGHl. 4J)?^h. V LO wl. OtfA'HwttL 
TI4, Stt 1 8' £*fca**ttfiEftT14 0. 4^hf 

*>5r.fca*«tt&3St , *>5. loooogau'l:^ 

LTI4, 4mAOt«M«ST'i)5c 

t, 1 Hi, 3. 0-3. 6^^h^Rl«r 

^ffll*ixS3C-fbl-»b"f » 4 mA^i^^Sctt/VHIGHl • 

4 h^b v L owi - 0 #yu h^o^;EE&T£:MJ#;-t" 
^^r-^5o lvds 0!^l^t5;oJ: 5 fc»i*l4. 

Draft Standard for Low-Voltage Differentail Signal 
s(LVDS) for Scalable Coherent Interface (SCI) , IEEE 
Draft 1.3 (1995^11^270) lZBtt£*LT1r* 

[0014] JiO»tFrJ4, fc««l£:fc^T»««fc I R 

^ l^^m— *f4— /KK, 4mQ/7>f- h (??2m 
Q/m) ^-*>«tt«***i- So 1 007^- 

^Cl6mV(DtEftTi^^o VHiGH-VLowJ/i^i - 
[0015] I /0'< ^77 1 0 3l«tt*tt*«>-»'^ r / 1 ' 

xy KSGSSttWi 9 fc^< o*»o*Jjft3»*>6 C t I4S 

>>^t**ftt5. fia»l4, 1 6 ±.<Oft 
45*14, H«ffi*:*fc*i£U rixlcj: 0 , A 

So 1 /O/^ 7 7 1 0 l:*5tt S«JtO*# S ^ 

^!)y^h7y'>-^ov ; 5'^ (GTL) oj:5fct*3fe 
SiO^y^/^y KSSIKlC&tf 5^4 ft<0 1 T 

-r-ttf-ez s. 

[0016] 03AICI4. CMOSSII^Knft 
-*/U<0^«:JB^6El2 lC«Lfclil*/<S'7T 1 1£>*t* 
L^SIlfcWfc^i"- ^OfAl, A2, Bl, B2 
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»tt*:3S«tt«w «fiEWJ»«J«y— ^ 2 014., h 

H/<^r^a£Ev S ouRCEi-*#"*"S. «£»]»«« 

^t5St^^ £14 h^-f r^^ffVsiNK«-*fe# 
f5o h7^** 3 8 ^-TS^T.^ffiV source 
^3l^c*n^«ff«»««v-^ 2 0 Utofc 

oTS^-rntf. h7^^ 3 8r4«»y— *Ti4tt 

h7^^4 0 A»e>ttS*ffi*0»«J«^^^ 22t>4 

t^csst 1 ^ s. 

[0017] ttfoDI^ h7^^ 3 8, 4 0l4p^ 
t^f^^^^fcot^J:^ (T<om 3 BOlSt&£:# 
^0 BS) „ p ^^^/u^7tl4n^-t^^^*^>'^^*^f4 

2 IO^LfrS2SlH3SS4 5l:J:"?ll^ii, h =7 
#fcttffiftT*>*S**rf»S. V SOURCE^ VsiNK^>**tt 

[0018] *fc, a 3 Aicrta«ftfettfl^^y 

»«ifel*»IMW3 6Hottt*^^9 ^ 
3l^£«#£ix£o -cd{£-*§-I4 2oOf£-§-3 

2, 34^£^&£*t£. Ifcfc, roflS*!4 2oo{§# 

3 2. 3 4-i^&£it, rHlb**tt*31^1 8 0" 

5/^ 3 il4^jx^K«EEV DD ^*5V^riBtb*n5Cli:^ 
^ffV DD l4VDDQ^±^^^ • -ttl4@ 
KM* 5*<# I /o««K>tt«Rtt±«>**Tl£J: 

3 6iC r 1 j ^^n^i:, «#3 2I4Vdd<-*5^ 
rf^iis^-c, »*3 4liS«l:o/^i6^-C 

W*3 4 I4V DD — ^SSffii^nS^^T^S. 
ft#3 2J4^-T ^^A 1 . A2$r^J^)b. I^B#tcm#3 
4f4, ^-f yfBl, B 2 $:$iJ^J-rSo 
[0019] ttoT«*.tf. B»/<S'77 1 H^9» 

mm r 1 j ^iSbnsor*>ni4, c^fiii4tttB^^ ! ; 

50 114, *3 2*rV D Dl-*iftUl»3 4«r»Jft«cottlfS. 
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m 3 2 Jico&^jEIS, ^OfAl, A2$rWC5o $ 

3 4 ±<Ofi«£Eli^-f ^fB 1 , B2^rW<o ^cOCi: 

2 , {Si*** 14, 16, tS^t 1 8 ' I 

&±tf. t> utaaffl roj d^bnnii, ^321^ 

— «*3 4 ttV DD \zmM£tl*o y^B 

1, B2ii^i:, ^>f5/fAi, A2iiBB#, mri^ 

[0 0 2 0 ] l^3Btt, CMOS&ffiSrJB^SI^^tij 
y/F7^^^ 2 7 , 2 9 (Al, Bl) a*n^ + 4> 

£t 2 i**£w u/y^) $ns^2 i\ 2 1't 1 

Ttil?tlh7y^^ 2 7, 2 9cOft{cSEa*tlT^ 
5::&Sl*H*ia3 Afcl3«T*>5.- :(D§BI4B3A(D 

ft* 3 4 tt*>r f^A 1 , B2t«ilK5>f^«32 
l^^f^fAi, B 2 SrWJ»i-Sr.i:lcB*Sixfcv\ 

p ^ + b 7 3 8 £r^LT^5 0 ±x£ 

#> % h7^^^ 3 8 £&?UMf&2 h7y^^^*Efi 
[0021] 0 3C«Cli, i2lOTttA^^^77l 

2 <Dft*L^*ifcffi 

Il/M 77 $ life n f t^^MO S h7^^^4 2, 

4 h7^^4 2, 4 4l3«£tJ&*VRES 

oj;5l:Ei»l4\ l 6 ' tf— ^^V* leg 

14', I6'l3ii«\ WnsoQ^tt^^f-^ 

y^^fl, ^oTVRE S lil00QOF7^i?4 

2, 4 4K*m5«B:^J«K&38&-rSJ: 5 IcHSfiSti 
5-<#X*#?6o v RES <D3irimTOia 5 £#?&LT!a9! 
f5o ^rt^^4 1ll>'-F4 3lCt5{Hh7>'^ 
^4 2, 4 4 ^^lfeOPfllCO/j:^ix6o *t/W41 
tt^ii^— Kft*(w»LTAC*««r-**.S X 0 

4', 1 6'lC*5«5*HbyS:i6»^-Kflr#IC»-f»A 
C&&t UK. 

[0 0 2 2] H3A—3C^HLTR9BLfci5«w. fcti 
^$/77ll, A*^J/7712 (DSjfttf-f ^ h \t® 
4 A, 4B, 5l:*LtWM4 5. 7 9^«Lfc 
^-fT^JEVsoURCE* VsiNK* Vres I- * 
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Vhigh* 1 ^ v L ow*f -cfcs: t£VkU\zLte&b. tu 
\f * tSffl <D Wj ft '* 7 * — ? \z. ft o T w n h <D «EE 3: I w 

5. loco I C±<D-t-<X(D=J>7^— -t>> htt§*igB#M 

ta.«-c»f* umist*J6«ffiT»^-t-5. tor, 

[0 0 2 3 ] S*S«jEV SOURCE, VsiNK, Vres^> 2 

ooSmis]B4 5, 7 9 (02) KJ: 9£/££*x£o S 

J:oT, SglSmiH]&4 5^*5tfS ^7^^^^- 

h^7^tElit»i» (Vhigh-v L ow) /Rext* 
j0 r^^ii^tc, ®2gm[5]s&7 9->irJDD^ibn5c r 

>f77snfch5y^^^iRii:a«i= (v H igh-v 

low) /REXTSr^^-t-^-^^^-Si 5JwSix<5o Vt 
T^v H iGH^bv LO w^*>^i: 5l-W8£jh,*Ltf. tSU 

t i o-r^T^A^astREXTSr^u ^o, tb^?ein 

«€rSS56l= (Vhigh-v L ow) /R E XT«w*5^TSK«it- 
5r^^5tH^i-5o rco^&iz: J: ip , l/0/<^7r 

[0 0 2 4 ] ^4 AtCli, ^^Smfe3SS4 5 O^B&S^ 
/Ttr^O, cmi^SltsJB^UfEl 3 AlC^L^itti^? 
/^77l 1 IC^-r^ VsoURCE^^^VsiKK^®)^!-^ 
*-f<5o ^^0^^:0 4 B(C^-^ 0 04Al:^t, 
I?IIH]^4 5Hnf t^MOS h7>^^6 0, 6 

40 2£^rni2v D DQa>o>> — ks 4 — i:ii[^jr-o/^d^ 

5nft^^MOS F7>^^ 6 4, 6 6 t>"£tfo ^ 

B3lc*i-J:5U:*J»*l«*a:2 i#mto'<y7T 
i l ic^^ttT^nif, »JSt5fiR6ittSLfcJ;5 
CM/^C^in^^^T^Sp SftREXT*r^"t-^ 
S»»5l5 8 11/- K5 4*5^^5 60llli:ofti«oT 

v?}i\zMjitl,Xi>&\,\ 4<oZ> h7lsiSx#'t'<X& 
50 /^T7$nT^5^S3£-T5^, VDD0**fc^W^« 
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St 5 8 £aoT«ft^£«i«3&s«e*v5. 
ep i (c J: l?^tt#)5o 
[0 0 2 5] 04 Ai: B 3 ASrifc^S £ . B4AOEJK 

£ 0 H4 A<£> h 7 6 2 % 6 4 11 03A^bO 

WCt^-fj/f Al, A2^fc(iBl, B2^ltfc 

[ 0 0 2 6 1 134 ACO h 7 V^J* ^ 6 0 tX % 0 3 AO'S 

Hi 3 Afw^bfdSifc I 3&*'<-f T'^^ffiV SOURCE** £ 
v S iNK^ft#-r*oi: / — K7 2l:i*5tf 5 h7 

6 0*5 J: XI K 7 8l^*5V>r h7^^ 6 

St 5 8 1*, SjRl8'l:MU t±S*fi^l4, 16 

I*, h7y^^ 6 0, 6 2, 6 4, 6 6^)1111 R 
E xT*>Stt*5<fctf1SSt6 l^-tOPCffiftW^^^ 

ftl 0T^>U 1 0 TitJO-f IxJi, fES) 

[0 0 2 7 ] y - K7 2*3j:tf 7 8 , V SOURCE ** X tfV, 

5 J: 5i:H4iLTPSJti5 B J: 
^yn7y^^ 3 8, 4 0 (0 3A) &^tih<o 

v7y l l * I^C»fM*tt:S: 9 Ici^H^^y 

l*Rb*£ I t> bjg; 

St l 8' a*R E xT<0«tt4:#-t-Jxli* COSaii^Hfe* 

[0028] 04 BIS, V SOURCE** £tfV S INK^ 

ffi*RSt5»aitKll4 6, 4 8 &^-*-0 4 AOE& 

T¥^S«j#Tofr#o^2oo^ff/'g}ft 

*>#jB (non-inverting) A^Jl^DibhSo y— K5 
4l£*5tf 5£flM6«t5 8±0>ttflEli, »»!fc««4 6 0 

high* o t*#i*htf, K7 2icastt5ifctt«tfl;b 

SffVsoURCE^^L, h7^^ 6 OSriloTO^; 
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* 5 V H IGH^^^< ft* -f*. / *" K 5 4 ICrfctf 

Zo ^T'r^Vtm'Vn. S— K5 4 lC*Stt«5«jEttV 
HIGH£^b<ft*. HtiMi. V LO w3&>tt^fl4 8 OiSA 
^^i^t^tl, K5 6 lC*3tf 5#.$flf&St 5 8 ±<D 

9E.n*m*J3^bM*.bti&. J- K7 8 1^*5^ 
««4 8<OUJ*VsinkM. K 5 6<D«jE#VL0ir£ 

«b< ft* *-C«* 5 J: 5 lc«^«> Sv^tttitiD 
/<? ftotMlll, l= (Vhigh-v LO w) /Rext 

t:-t^h$n*o v H igh= i . 4#/Uh, V LO ff=l. 
0#A-K R = 1 0 0 QI3t5ftlW4a« I Oi 
I*, 4mATifc5. SjEVsoURCE*5<t^VsiNK^* 
WlC*J»*n(unity gained), I C ±\Z&&-t 

[0 0 2 91 ^rt^70ll <V S ink> 
iSXTfy— K7 4 OffllCO^^oTt^o ^r-r^->^7 

i + a i ^£^;&oi-ntf a i te$t^<fe5vwi 

fdL'OPI^S^) , /-K5 4, 5 6 iCiSttSSffittflfco 

<t*«EESr/- K5 6 iottffii: fct>^«^*^*. b 
d^b, K5 4 (ttot, K7 4fc) co^ffd^if 
JDDt-^OT, ^^^^^7011 C^it^Q^^Sb, *fl 

W [0 0 3 0] H3B<OSU<OSgJK«OSai!g-K4 5' £0 
4C(C^-t\ 6 2li, pft^r/<-f^T*^ 
^^/^7^*tlTt^o /-K7 2 (Vsource) ir^ 
-K7 60raiCI3£ bttSScftfk*^^^* 6 8MDi 
bixT^5 9 ^^^5^^6 8li, ^rt^7 0i^ 

tc«^i-6 e ^cDHffiOTic*5v<r, tssteiii, 13 3 b 
li^ Lt#J#«H8St 2 l ' t»tet 5. ^l:, S« 

::t\ S«lslS»o^<>r i /o/<^^r 

[0 0 3 1 ] H5I4 % \&t)'<y"7? 1 1 l:Mt5V RE s 
SrBW^*J*-t"5«m£Ip[2lK7 9<O«tB&0T*>*. 0 
3 CJc^-Ti: 5 Vres^* F7^^42, 4 4 
A>bft5iS6»*gStl 8 «r**:««oT»«:«r-fe hi"*. 

«totv RES ii, ii»«a*« A*fijai» i 4 ' . i6'(o 

5(7 Ifftbft^o mmz % VREsli, SgftlSSt^REXT^^b 
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EXT*t6»««tR active^«*«*.« - £ *rO*rt*T, 

migmEss tu^^r 1 1 <ox ?ft) 

5. 

[0 0 3 2 ] h7>"^^ 8 0, 8 2*5 £T/«£t8 1 

14, v 0DQ :*5J:UV- K9 6 oiBlcfltMlcofcjtfD . fl£ 
^ljWh7y^^8 8, 9 0 14, y — K 9 8 irSife^W 
lcoftd*£ 0 t>L*Jf»MH«tt2 i^<5^7ri 1 

2, 8 8, 9 0 14, ^Jx€ixy- h^ffV SOURCE. 

v D d> v ddq , VsinkJ-^^ T^^tiS (04B£f*3 

«) o ^nbosmiHiss h7>-v ? ^^i4-r-<r, i3i: 
m\^iz\&}]'<vyT i i 5 

0 4 COH«ftlH]&<&W#£P^«J-. B50h7>^ 
^ 8 0, 8 2f4, pf+^T^^^ffci^fifc 
0 , F7>;^^82 I4«ife— t 'i-tT^ZiriZ^ZT? 
£>5„ mZb&Wi b7lsis**S 4, 86*»bfe9. y 
— F9 6, 9 8 0|IBIwO*i«S. h7^^84, 8 

6 i4s 3 c \z.^-rx o i 8 

W5h7>^^42, 4 4 fcHl:JttW*6«rt•tt^:* 
low^ n ^ -y^/u* /rtt p ^ 

[0 0 3 3] «JE I 14, V DDQ *>b«i6— tffitl. tfeSb 
lS«:*:4fc^5tE*TV« I * R active* 
Jb^ESS^ h<D^l^t4<0£:#>, Vsource 

fcJlt/VsiNK** h7^^^8 0 \Z.1SU7Lbh, 

^nbh7^^^^»4> 04 BOg£g[H]&&4 5{C 
SSta^C^ff^^m^l = (Vhigh-v L ow) / 
REXT^L^Sift*-**- hi-SJ: 5 tcK*5o y — 

F 9 6 ^*5<^6mffil4, tfc^fl9 2ICJ: "9 VHIGH^it® 
^ti5o ^(Dhfc»tg9 2£Offi*V RES l4^»i«;^:^$«J« 
^at/U-T/tty - K9 6JC*3(4<5«ffi**V H IGHi: 

^Ltfni4, V DDQ ^by- K9 6^<V&ffi I I4S»Ih] 
^4 5l;*5itH^ (i-fcfr*>. Vhigh-v L ow) /R 
ext) £ElC-C*>9, F 9 8 1:1*514 £ttEI4V L owT 

ACTIVE^, (VhigH-V L ow) / I - R EXT*? ft tfiltfft 

fefti\ »JWSSV RES l4/< s/ 7 r£it, 

$/7 7l6ffi)1S«tl 8 (H3C) Og$i£rREXT£^L< 

oo^tfeonico/^^, fi o oa*y— hco 
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ft** t> y-;**5 j: v F u*— voM*d5«»^oftd^ J: 

9 4lii3CO^rt^>'^4 1 £ P t -< 7 $ h^t 

v^h5±roi^{:i3PT^/ih>f/7 7W (tt 

[0 0 3 4 ] h7V^^80, 9 0 2* Vsource. v 
sink^^T;* v H igh=i. 4^F, 

V L 0W=1. Otf/PK REXT=100QtOAIW*ffi^ 

f*** 0 ifc«*9 2I4>>- F9 6fC*5<4<5^ff2*l. 4 
#/u hOV H iGH^:«L< fti*T«EEV RES *PS^ 

y— F9 8IC*3t4 5«jEEI4l. 0 h (O V LO wlw 
tl&Wfc-t: 5/ h£*t5 0 ftifftb, FMlD«8e 

^L/^r^^ffiVsoURCE^ct^VsiNK^^^^-t"^^ 

f6tfrjg*tl4l. 4 — 1. Otf/I' htf>^BE&T, 4mA0O 
•flSSr^U, feoT, Vres»4 1 0 0 0 R active 
y h-r-6o A*Ml8 (i3C^^t6) h7^ 
^(7 ^4 2, 4 4 {:V RES $rfn^D-r6 £, 1 OOOOfSO 

[0 0 3 5 ] 0 6 14, 8' {C^lJlcfeiH^l 4, 

1 e^fc^oToft^otlgft^^f J'^gStl 0 1 
4:* b^*i-5H2^^L3tWA^2x7T 1 1 <Offite0 
T-fc*o te»«*tl 0 1 f4, atW h7^i? 10 2, 
I04$:tl, zftb<or$\z&S ~ Fl o 8l:fc^tS 
ife-- + 1 0 6^oM«ot^5. h7>'^ 

^102, io4f4, jb»«>iBibaat**tticni:jtt 

fir*^jSfe*r#+5. ttoT, ^7^^102, 10 
30 4<Of- h^VRES^^YT^Snnii, IfeSftSStlO 
1 l4R E XT^SSi*^-f 5 e COttlQWfctttttt* 

4, i 6&mmzw&£tiz>zt*i&n\z'rz>-t\z£ 

, ttitl'< ^7711 <Dfe&m 14,16 ^(75S^4#tt 

1 lttSttl 8 f *r*fc3&S5a«Dftv H iCT^e>v L ow^ 
«ffi»T*««+5^^^ 2«Otti«**i«rLft(4ixtf 

^ ftbftv\ z<oz.ttt. &xy—x<nf&&£v : h* : 7<<7 

SBms^'fyf h7^^i? (i"fth>^>, .^^5/ 
^ h7^^^ 2 7 — 3 O^^T/^V— h 
7^^ 3 8, 4 0) «:2ffir-r5r ^{CJ: O^fiX-f ^ 

<5o ^^^^^10 614, ACSttli: LT«tBT*, V 
- h^/— Fl 0 8l;o/j!^0 y-7i YU — XDffilJ 
50 d5«Jfeirofti5 5 J: p^Cnf + ^;uh7>^^^i:i 0 



(12) 



11-85343 
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[0 0 3 6 ] H7I4. tMMSttl 8*3j;tftt:«*l 9 iO 
?^t)'<yyr 1 2*>R AMir/H 1 0 14, 1 4' 

M-fe^l 1 0 14, 13AOffi^^7r 1 1 tlpJ«*lHJ 

RAMt/n i oo=iy#-*yh^^*ii, 
DM^<t5:i:3ft?tS5. rntt, RAM-fe/n l 

oi*ta*fi«*i4\ i6'i:M^ts^i 

[00 3 7 1 B8. 9i:tt, i/O/<y7ri0WJo 

tf'SJtfefcfcS (tri statable) * J: Wf* 

^ ^3i-^#«*r*+S i:l^ia0«a7^+(Ol 
O0*f£1g#0 I /0'<5> 7 T ^Sr'SJiEi- 
f6. 08(4, r-^ffi*^*-'^' 1 '®* 2 0 b 
l:tt5ffl*/^7r l ljs^VftW-f^^MZ 
0 2££ b\z#-r&1fe1b*>' J 7'y-7mfi&ttl 0 I 

[0 0 3 8 ] 7 f -^Hi^^*-7 r ^!fiItt2 0 014, 
l5rffl*>f ^ — ■//^fS#DOENB*-«t DOeNB 

^i? 2 7 -2 9 «r/^7^t5^F 2 0 4, 2 0 6 

a>fc/*5. r.nboy-H4, 08 Alc^LfcJ: 5ftA 
n d y — h^-r*—^/i'«iiB*:fT5«oia*rfcor<> 

fed, t,l-fy/<-hy-Krffl^5»*, ffiffi^^y 
3/* 3 1 *>«i4l4, fr'J*-tf, 3 2 0«*fc£{£-§*3 4 

T) . 

[0 0 3 91 SSt>f*-^08 2O2tt, Vres*^ 

i4«Jfe£>^-f n*»*wiBHts»: ioioh?y^io 
2, i o 4 x;*1-£&ffi^— "^^"^Renb^ 

Vr, isct^r^-^/HHift 200 i4fc&y- h 2 1 0*5 
£tf2 l 2 *rSE«rf 2 0 8a>fefcS. R 

ENB^r^^^^Tfcnii, ci^y-h 2 i oi4G*« 
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, e&y- h 2 i o »»e*tttt-c 212 tt^^tt 

KIT*? 9 , t$ot h 7 isiSXf 1 0 2, 1 0 4 Sr^iteK 

/<^7^L:nb«r»6»l)tw-t, ^Jiooorii^ 

[0 0 4 0] 0 9 14, 0 8JC^L7tffi^^2/^r 11^ 
J:t;0 1 B LfcH i:fi»*«» 1 4 . 16 

j$l;L*5^T, J*^ y^l3K2 0 2 jB**J«i"5J£#l 0 1 
/fl 14, B6lc*UfctBAft«:*^ttH2. 3 CtC^L^A 

WiJi<<*— -f^mm o oa^^-f ^fM , A2, b 
i, b 2orao«^«tu ; /^r^mEEr4iaofB5^^^ 
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1 . Title c f I u v c c i i c c 
fitcgratetf C i * c r : : 

2 . Claims 



Qalm : 

1 . An integrated circuit that includes a low voltage differential swing 
interconnect buffer and biasing circuit for data transmission over first and second 
balanced transmission lines having a terminating resistor of a first resistance; said 

5 integrated circuit connected to a reference resistance; 

said interconnect buffer and biasing circuit comprising: 
an output buffer connected to said transmission lines and comprising a first 
voltage controlled current source having a first bias voltage and being connected to a 
first supply voltage, a first voltage controlled current sink having a second bias 

o voltage and being connected to ground, and a current switch being connected in 
series between said first voltage controlled current source and said first voltage 
controlled current sink, said current switch controlling the direction of current flow 
from said output buffer and through said first and second balanced transmission lines 
and terminating resistor; 

5 an input buffer comprising a first voltage controlled input resistor having a 

third bias voltage and a comparator for detecting the polarity of a voltage drop 
across said voltage controlled input resistor when input current flows through it; 

a first voltage reference circuit havbg high and low input reference voltages 
and being connected to said reference resistance, said first voltage reference circuit 

0 generating said first and second bias voltages such that current from said output 
buffer through said first and second transmission lines generates a voltage drop 
across said terminating resistor substantially from said high Input reference voltage 
to said low input reference voltage; and 

a second voltage reference circuit having as an input said first and second 

5 bias voltages and at least one of said input reference voltages, said second voltage 
reference circuit generating said third bias voltage to bias said first voltage 
controlled resistor in said input buffer to a resistance substantially equal to said first 
resistance. 
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2. The circuit of claim 1, wherein said current switch comprises a. first and 
second switch connected to a first node, and a third and fourth switch connected to a 
second node; 

said first and third switches being connected in series and said second and 
5 fourth switches being connected in series; 

said first transmission line being connected to said first and third switches, 
and said second transmission line being connected to said second and fourth 
switches; 

a first current path being defined by when said first and fourth switches art " 
0 conducting and said second and third switches are non-conducting; and 

a second current path being defined when said first and fourth switches are 
non-conducting and said second and third switches are conducting. 

3. The circuit of claim 2, further including a current switch control circuit 
having a binary data input signal and a plurality of output control signals which bias 

5 said first through fourth switches as either conducting or non-conducting to thereby 
select either said first current path or said second current path according to the vahie 
of said data input signal. 

4. The circuit of claim 3, wherein said current switch control circuit is 
connected to a second supply voltage, said second supply voltage having magnitude 

D greater than or equal to said first supply voltage. 

5. The circuit of claim 2, wherein said first voltage reference circuit comprises: 
a second voltage controlled current source connected to said first supply 

voltage and a fifth switch biased in the conducting state and connected in series 
between said second voltage controlled current source and said reference resistor at 
5 a third node; 

a second voltage controlled current sink connected to ground and a sixth 
switch biased in the conducting state and being connected in series between said 
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second voltage controlled current sink and said reference resistor at a fourth node; 
and 

a feedback circuit generating said first and second bias voltages which bias 
said second voltage controlled current source and said second voltage controlled 
5 current sink, respectively, such that the voltage at said third node equals said high 
input reference voltage and the voltage at said fourth node equals said low input 
reference voltage. 

6. The circuit of claim 5, wherein said feedback circuit comprises: 

a first operational amplifier having said first bias voltage as an output and 
0 having said high input reference voltage and the voltage at said third node as inputs, 
said input voltages being connected such that the magnitude of the current through 
said second voltage controlled current source is inversely dependent on the voltage 
at said third node; 

a second operational amplifier having said second bias voltage as an output 
5 and having said low input reference voltage and the voltage at said fourth node as 
inputs, said input voltages being connected such that the magnitude of the current 
through said second voltage controlled current sink is dependent on the voltage at 
said fourth node. 

7. The circuit of claim 5, further including at least one of a first capacitor 

0 connected between the output of said first operational amplifier and said fourth node 
and a second capacitor connected between the output of said second operational 
amplifier and said third node. 

8. The circuit of claim 5, wherein said first resistance of said terminating 
resistor equals said reference resistance and said second voltage controlled current 

5 source, second voltage controlled current sink; fifth switch, and sixth switch have 
substantially the same operating characteristics as said first voltage controlled 
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current source, first voltage controlled current sink, first switch, and fourth switch, 
respectively. 

9. The circuit of claim 2, wherein said second voltage reference circuit 
comprises: 

5 a second voltage controlled current source under the control of said first bias 

voltage and being connected to said first supply voltage; 

a fifth switch biased in the conducting state and connected in series between 

said second voltage controlled current source and a second voltage controlled 

resistor at a third node; 
0 a second voltage controlled current sink under the control of said second bias 

voltage and being connected to ground; 

a sixth switch biased in the conducting state and being connected in series 

between said second voltage controlled current sink and said second voltage 

controlled resistor at a fourth node; and 
5 a feedback circuit generating said third bias voltage which biases said second 

voltage controlled resistor such that the voltage at said third node equals said high 

input reference voltage and the voltage at said fourth node equals said low input 

reference voltage. 

10. The circuit of claim 9, wherein said feedback circuit comprises an 

0 operational amplifier having said third bias voltage as an output and having as inputs 
said high input reference voltage and the voltage at said third node connected such 
that the resistance of said second voltage controlled resistor is inversely dependent 
on the voltage at said third node. 



1 1 . The circuit of claim 9, wherein said feedback circuit comprises an 
5 operational amplifier having as an output said third bias voltage and having as inputs 
said low input reference voltage and the voltage at said fourth node, said input 
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voltages being connected such that the resistance of said second voltage controlled 
resistor is dependent on the voltage at said fourth node. 

12. The circuit of claim 9, wherein said second voltage controlled current 
source, second voltage controlled current sink, second voltage controlled resistance, * 

5 fifth switch, and sixth switch have substantially the same operating characteristics as 
said first voltage controlled current source, first voltage controlled current sink, first 
voltage controlled resistance, first switch, and fourth switch, respectively. 

13. The circuit of claim 1, wherein said output buffer further includes a second 
voltage controlled resistance connected across said first and second balanced 

0 transmission lines. 

14. The circuit of claim 13, wherein said second voltage controlled resistance has 
substantially the same operating characteristics as said first voltage controlled 
resistance. 

15. The circuit of claim 1 1 wherein said input buffer further includes a hysteresis 
5 circuit between said first voltage controlled resistor and said comparator. 

16. The circuit of claim 15, wherein said hysteresis circuit comprises a one-bit 
memory cell. 

17. The circuit of claim 1, wherein said first voltage controlled resistor is 
connected across said first and second transmission lines. 

0 18. The circuit of claim 17, further including a data enable circuit having a data 
enable signal as an input, said data enable circuit biasing said current switch in a 
non-conducting state to prevent current flow between said output buffer and said 
first and second transmission lines when said data enable signal is not active. 
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19. The circuit of claim 18 further including a resistance enable circuit having a 
resistance enable signal as an input, said resistance enable circuit biasing said first 
voltage controlled resistor in a high-impedance state when said resistance enable 
signal is not active. 

5 20. The circuit of claim 3, wherein said first voltage controlled resistor is 
connected across said first and second transmission lines. 

2 1 . The circuit of claim 20 t wherein said current switch control circuit further 
includes a data enable signal as an input, said current control circuit biasing said 
first through fourth switches as non-conducting when said data enable signal is not 

0 active. 

22. The circuit of claim 21 further including a resistance enable circuit having a 
resistance enable signal as an input, said resistance enable circuit biasing said first 
voltage controlled resistor in a high-impedance state when said resistance enable 
signal is not active. 

5 23. An integrated circuit that includes a differential swing interconnect I/O buffer 
comprising an output buffer and an input buffer; 

said input buffer having first and second inputs and comprising a first 
variable input resistor having resistance determined by a resistor control voltage and 
being connected between said first and second inputs and an input detector circuit 
0 for detecting the polarity of a voltage drop across said variable input resistor; 

said output buffer having first and second outputs and comprising a first 
output buffer part connected between a power supply and said first and second 
outputs and a second output buffer part connected between ground and said first and 
second outputs; 

5 said first output buffer part comprising a first variable current source 

controlled by a source bias voltage and a first group of switches configurable as 
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conducting or non-conducting, said first variable current source and said first group 
of switches being series-connected between said power supply and said first and 
second outputs; 

said second output buffer part comprising a first variable current sink 
5 controlled by a sink bias voltage and a second group of switches configurable as 
conducting or non-conducting, said first variable current sink and said second group 
of switches being series-connected between ground and said first and second 
outputs; and 

an output control circuit connected to said first and second groups of 
0 switches which controls the state of said switches to thereby define a first switch 
configuration wherein said first output is connected to said current source and said 
second output is connected to said current sink and a second switch configuration 
wherein said first output is connected to said current sink and said second output is 
connected to said current source. 

5 

24. The circuit of claim 23, being connected to a reference resistor and further 
including a current bias reference circuit which generates said source bias voltage 
and said sink bias voltage, said current bias reference circuit being connected to a 
high input reference voltage and a low input reference voltage and comprising: 

o a first current bias reference circuit part connected between said power 

supply and said reference resistor at a first reference node and comprising a second 
variable current source controlled by said source bias voltage; 

a second current bias reference circuit part connected between ground and 
said reference resistor at a second reference node and comprising a second variable 

5 current sink controlled by said sink bias voltage; and 

a first feedback circuit that generates said source bias voltage with magnitude 
such that the voltage at said first reference node is substantially equal to said high 
input reference voltage and that generates said sink bias voltage with magnitude such 
that the voltage at said second reference node is substantially equal to said low input 

0 reference voltage, said first feedback circuit being connected so that the magnitude 
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of the current through said second variable current source is inversely dependent on - 
the voltage at said first reference node and the magnitude of the current through said 
second variable current sink is dependent on the voltage at said fourth node. 

25. The circuit of claim 24 wherein said first current bias reference circuit part 
5 has substantially the same operating characteristics as said first output buffer part 

and said second current bias reference circuit part has substantially the same 
operating characteristics as said second output buffer part; 

26. The circuit of claim 24, further including a resistor bias reference circuit for 
generating an active resistor biasing voltage and being connected to at least one of 

0 said high and low input reference voltages, wherein said resistor control voltage is 
equal to said active resistor biasing voltage and said resistor bias reference circuit 
comprises: 

a first resistor bias reference circuit part connected between said power 
supply and a second variable input resistor at a third reference node, said second 
5 variable input resistor controlled by said active resistor biasing voltage, said first 
resistor bias reference circuit part comprising a third variable current .source biased 
to said source bias voltage; 

a second resistor bias reference circuit pan connected between ground and 
said second variable input resistor at a fourth reference node, said second resistor 
0 bias reference circuit part comprising a third variable current sink controlled by said 
sink bias voltage; and 

a second feedback circuit that generates said active resistor biasing voltage 
with magnitude such that the voltage at said third reference node is substantially 
equal to said high input reference voltage and the voltage at said fourth, reference 
5 node is substantially equal to said low input reference voltage. 

27. The circuit of claim 26 wherein said second variable input resistor has 
substantially the same operating characteristics as said first variable input resistor in 
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said input buffer, said first resistor bias reference circuit part has substantially the 
same operating characteristics as said first output buffer part, and said second 
resistor bias reference circuit part has substantially the same operating 
characteristics as said second output buffer part. 

5 28. The circuit in claim 26 wherein said first input is connected to said first 
output at a first I/O node and said second input is connected to said second output at 
a second I/O node. 

29. The circuit in claim 28 wherein each of said first, second, and third variable 
current source comprises a MOS transistor with a gate voltage 

0 equal to said source bias voltage. 

30. The circuit in claim 28 wherein each of said first, second, and iMrd variable 
current sink comprises a MOS transistor with a gate voltage equal to said sink bias 
voltage. 

31. The circuit in claim 28 wherein said first group of switches comprises a first 
5 switch connected between said first variable current source and said first I/O node 

and a second switch connected between said first variable current source and said 
second I/O node, and said second group of switches comprises a third switch 
connected between said first I/O node and said first variable current sink and a 
fourth switch connected between said second I/O node and said first variable current 
D sink. 

32. The circuit in claim 31 wherein each of said first through fourth switches 
comprises a MOS transistor. 

33. The circuit in claim 28 wherein said first variable input resistor comprises a 
MOS transistor with a gate voltage equal to said resistor control voltage. 
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34. The circuit in claim 33 wherein said first variable input resistor comprises a 
plurality of series-connected MOS transistors, each haying a gate voltage equal to 
said resistor control voltage. 

35. The circuit in claim 34 further including at least one capacitor connected 
5 between a pair of series connected MOS transistors and ground. 

36. The circuit in claim 28 wherein said input detector circuit comprises a 
comparator. 

37. The circuit in claim 28 wherein said first feedback circuit comprises a first 
operational amplifier having as inputs said high input reference voltage and the 

0 voltage at said first reference node and having as output said source bias voltage and 
a second operational amplifier having as inputs said low input reference voltage and 
the voltage at said second reference node and having as output said sink bias 
voltage. 

38. The circuit in claim 37 further including at least one of a first capacitor 
5 connected between the output of said first operational amplifier and said second 

reference node and a second capacitor connected between the output of said second 
operational amplifier and said first reference node. 

39. The circuit in claim 28 wherein said second feedback circuit comprises an 
operational amplifier having as inputs said high input reference voltage and the 

0 voltage at said third reference node and having as output said active resistor biasing 
voltage. 

40. The circuit in claim 28 wherein said first input buffer part further comprises 
at least one gain-limiting resistor connected in series between said first variable 
current source and said first variable current sink. 
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41. The circuit in claim 23 wherein said first input is connected to said first 
output and said second input is connected to said second output. 

42. The circuit in claim 28 further including a resistor enable circuit having a 
resistor enable signal, said resistor enable circuit alternatively selecting in response 

5 to said resistor enable signal a resistor control voltage as one of said active resistor 
biasing voltage to enable said variable input resistor and a biasing voltage with 
magnitude sufficient to disable said variable input resistor by placing it: in a high- 
impedance state. 

43. The circuit in claim 42 further including a third switch configuration 

0 selectable by said output control circuit wherein all switches which are connected lo " 
at least one of said first and second outputs, are in the non-conducting state. 

44. The circuit of claim 43 wherein said first current bias reference circuit part 
and said first resistor bias reference circuit part each have substantially the same 
operating characteristics as said first output buffer part, said second current bias 

5 reference circuit part and said second resistor bias reference circuit part each have 
substantially the same operating characteristics as said second output buffer part, 
and said second variable input resistor has substantially the same operating 
characteristics as said first variable input resistor. 

45. A plurality of circuits as in claim 43 connected to first and second balanced 
d transmission lines each having a first and second end, wherein each of said circuits 

has said first output connected to said first transmission line and said second output 
connected to said second transmission line, said plurality of circuits including a first 
circuit connected to the transmission lines at said first ends and a second circuit 
connected to the transmission lines at said second ends. 
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46. The plurality of circuits in claim 45 wherein said first variable input resistor 
in said first and second circuits is enabled and said first variable input resistor in all 
other of said plurality of circuits is disabled. 

47. A current biasing circuit that generates bias voltages for a plurality of current 
5 sources and generates a controlled voltage and current at two points, raid current 

biasing circuit comprising: 

a first voltage controlled current source series connected between a supply 
voltage and a reference resistor at a first node; 

a first voltage controlled current sink series connected between ground and 
.0 said reference resistor at a second node; 

a first feedback circuit having inputs connected to a first reference voltage 
and said first node and having an output connected to said first voltage controlled 
current source, whereby said first feedback circuit biases said first voltage 
controlled current source so that the voltage at said first node is substantially equal 
.5 to said first reference voltage; and 

a second feedback circuit having inputs connected to a second reference 
voltage and said second node and having an output connected to said first voltage 
controlled current sink, whereby said second feedback circuit biases said first 
voltage controlled current sink so that the voltage at said second node is 
0 substantially equal to said second reference voltage. 

48. The current biasing circuit of claim 47, further comprising at least one of a 
first capacitor connected between said second node and the output of said first 
feedback circuit and a second capacitor connected between said first node and the 
output of said second feedback circuit. 

5 49. The current biasing circuit of claim 47, wherein said first and second 
feedback circuits comprise operational amplifiers. 
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50. An output buffer circuit biased by the current biasing circuit of claim 48, 
wherein said output buffer circuit comprises: 

an output current source connected between said power supply and a current 
switch and sourcing a current determined by the output voltage of said first feedback 
circuit; and 

an output current sink connected between said current switch and ground and 
sinking a current determined by the output voltage of said second feedback circuit; 

wherein a load may be connected to said output current source and output 
current sink through said current switch. 

51. An active resistor control circuit biased by the current biasing circuit of 
claim 47, said resistor control circuit comprising: 

a second voltage controlled current source series connected between said 
power supply and a voltage controlled resistor at a third node, said second current 
source sourcing a current determined by the output voltage of said first: feedback 
circuit; 

a second voltage controlled current sink series connected between ground and 
said voltage controlled resistor at a fourth node, said second current sink sinking a 
current determined by the output voltage of said second feedback circuit; and 

a third feedback circuit having inputs connected to said first reference 
voltage and the voltage at said third node and having an output connected to said 
voltage controlled resistor, whereby said third feedback circuit biases said voltage 
controlled resistor so that the voltage at said third node is substantially equal to said 
first reference voltage. 



5 



52. The resistor control circuit of claim 51 . wherein said third feedback 
comprises an operational amplifier. 
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53. An input buffer circuit biased by the resistor control circuit of claim 5 1 , 
wherein said input buffer comprises a voltage controlled input resistor having a 
resistance determined by the output voltage f said third feedback circuit. 

54. An active resistor control circuit biased by the current biasing circuit of 
5 claim 47, said resistor control circuit comprising: 

a second voltage controlled current source series connected between said 
power supply and a voltage controlled resistor at a third node, said second current 
source sourcing a current determined by the output voltage of said first feedback 
circuit; 

0 a second voltage controlled current sink series connected between ground and 

said voltage controlled resistor at a fourth node, said second current sink sinking a 
current determined by the output voltage of said second feedback circuit; and 

a third feedback circuit having inputs connected to said second reference 
voltage and the voltage at said fourth node and having an output connected to said 

5 voltage controlled resistor, whereby said third feedback circuit biases said voltage 
controlled resistor so that the voltage at said fourth node is substantially equal to 
said second reference voltage. 

55. The resistor control circuit of claim 54, wherein said third feedback circuit 
comprises an operational amplifier. 

0 56. An input buffer circuit biased by the resistor control circuit of claim 54, 
wherein said input buffer comprises a voltage controlled input resistor having a 
resistance determined by the output voltage of said third feedback circuit. 
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Fifilri of the TnYentitm 

This invention relates to an I/O interface circuit that maintains high speed 
data transfer between integrated devices on a printed circuit board. More 
particularly, the invention relates to input and output buffers having a low voltage 
differential swing interconnect that are biased to the proper operating levels by on- 
chip reference circuits. 

Backgramd of the Invention 

0 In today's computing environment, there is a growing demand for increased 

processing speed in order for the computer to operate efficiently. For instance, the. 
resources of a modern computer can be saturated when the user specifies a finer 
mesh or higher resolution for the solution to a physical problem in areas such as 
hydrodynamics or 3-D graphics. 

5 One way to increase processing speed is to utilize a large number of 

processors cooperatively. Processor cooperation is provided by the Scalable 
Coherent Interface ("SCI"), which is a high-speed packet transmission protocol thai 
efficiently provides the functionality of bus-like transactions (read, write, lock, etc.) 
between processors. However, the initial physical implementations an: based on 

0 Emitter-Coupled Logic ("ECL") signal levels, which consume more power than is 
practical in a low cost workstation environment. Additionally, ECL specifications 
require a 1 Gbyte per second bandwidth (for a 16-bit data path), which is too 
expensive in a workstation environment. 

In order to overcome the drawback of costly ECL signal levels, it has been 

5 proven to be cost effective to utilize a data path which is of sufficient band width, but 
is narrower than the wider bandwidth of ECL signal levels. The combination of a 
high speed transmission environment and efficient protocols provides tihe link for 
multiple processors to cooperate in a low-cost workstation. Therefore, the IEEE 
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Computer Society established the Low Voltage Differential Swing ("LVDS") 
standard, which is a signaling alternative to the ECL signal level protocol. The 
LVDS interface was standardized by the IEEE in the draft standard for Scalable 
Coherent Interface (SCI) LVDS, IEEE STANDARD, p. 1596.3, dated September 9, 
1993. 

Essentially, an LVDS interface is a balanced I/O buffer driver that sends data 
by current signaling in a balanced interconnect environment. I/O buffer circuits are 
important in computers for maintaining high speed data transfer between packaged 
devices on a circuit board or between different backplanes. Typically, LVDS 
circuits operate in excess of 700Mb/s in the 0.35 n CMOS technology, wherein a 
balanced pair of 50 Q transmission lines are terminated across an on-chip resistance 
of 100 Q. The output buffer must provide a signal current of 4mA and be biased to 
cause a voltage drop across the on-chip input resistance from 1.4 to 1.0 volts. One 
drawback with conventional LVDS circuits is that the operating characteristics of the 
I/O circuits shift with variations in temperature and supply voltage. Further, even if 
different chips have identical supply voltages and are at the same temperature, the 
operating characteristics of buffers connected across different chips may vary due to 
variations introduced in fabrication. 

Summary of the Invention 

The object of the present invention is to provide an LVDS I/O buffer that 
maintains high speed data transfer between package devices on a printed circuit 
board or between different backplanes. The operating point of the LVDS input and 
output buffers are biased with voltages generated by reference feedback circuits so 
that output buffer voltage and current and input buffer impedances remain constant 
over all processes, voltage and temperature conditions, and therefore, the voltage 
logic levels for transmitted data are also constant. In accordance with the invention, 
the reference circuits can generate bias voltages for all input and output buffers on a 
chip using only a single internal or external reference resistor R^n- and reference 
voltages Vhigh and Vlow. 
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availed Description of the Preferred Embodiments 

Fig, 1A is an Illustration of two generic I/O buffers 10, 10' connected to 
each other. Each I/O buffer 10, 10' contains output buffer 11, 11' and input buffer 
12, 12\ respectively. Data is output from the first chip through output buffer 11 ' 
and transmission lines 14 and 16, and input to the second chip by input buffer 12' . 
Analogously, data from the second chip is output by output buffer 1 1 ' through 
transmission lines 14', 16' and input to the first chip by input buffer 12. 
Alternatively, output buffer 11 and input buffer 12 may be configured to share the 
same pair of transmission lines 14, 16 as shown in Fig. IB. In this embodiment, 
I/O buffer 10 is selectively enabled for an input or output mode. I/O buffers 10', 
10", and 10"' are similarly configured. In this manner, many I/O buffers can 
communicate with each other over a single shared interface. 

Output buffer 1 1 and input buffer 12 of I/O buffer 10 are constructed on a 
single integrated circuit chip. Buffers 11\ 12' of I/O buffer 10* are likewise on a 
single chip, which may be separate from the one containing I/O buffer 10. Output 
buffer 11 and input buffer 12' will be discussed to illustrate the complete input- 
output circuit created when two I/O buffers 10, 10* are connected to each other. 
For purposes of this discussion, I/O buffers 10 and 10' are identical and therefore 
descriptions of input buffer 12' equally describe input buffer 12. 

Figure 2 illustrates an ideal circuit representation of the LVDS output buffer 
11 and input buffers 12 and 12' in accordance with an illustrative embodiment of 
the present invention. Output buffer 11 functions using current steering techniques 
and can source and sink current simultaneously to and from the interconnect 
transmission lines 14, 16. A voltage source V DDQ is coupled to a voltage controlled 
current source 20, which is connected to parallel switches Al and Bl. A voltage 
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controlled current sink 22 is connected between ground and parallel connected 
switches B2 and A2, which are respectively connected to switches Al and Bl in 
series. Switches Al, A2, Bl, and B2 are preferably fabricated from n-channei MOS 
transistors, but are not limited thereto, and may be fabricated in CMOS or other 

5 types of devices such as Bipolar Junction Transistors. The Bias voltag;es V^u^ 
and Vsnrc for voltage controlled current source 20 and voltage controlled current 
sink 22 are generated by reference circuit 45 and are dependent on reference resistor 
58 and reference voltages Vjoqh and V LOW . Reference resistor 58 should be a high 
precision device and can be an external component or can be formed on the chip by 

0 an accurate fabrication technique such as laser trimming. Voltages V HtGH and V LOW 
may be generated either externally or internally. If desired, gain-limiting resistor 21 
may be placed in the current path from the current source 20. Resistor 21 serves to 
decrease the circuit's sensitivity to variations in V DDQ and may be formed from an 
active or passive device. 

5 Input buffer 12' is comprised of a voltage controlled resistor IV and 

comparator 19 1 , which detects the voltage across resistor 18* . The first interconnect . 
transmission line 14 is coupled to output buffer 1 1 at a nodal point 24 between 
switches Al and B2, and the second interconnect transmission line 16 is coupled at a 
nodal point 26 between switches Bl and A2. Transmission lines 14, 16 are 

D connected to input buffer 12' across resistor 18'. To properly terminale 
transmission lines 14 and 16, resistor 18' should have a resistance equal to 
approximately twice die impedance of each line. Typical values are trains mission 
line impedances of 50 Q each and a terminating resistance of 100 Q. Input buffer 
12 similarly comprises a voltage controlled resistor 18. The bias voltage V,^, 

3 shown for the input resistor 18 of input buffer 12, is generated by reference circuit 
79 ami is dependent on V^u^, V^, and one of the two reference voltages (e.g. 

In operation, when switches Al and A2 are closed, switches Bl and B2 are 
open, and visa-versa. When switches Al and A2 are closed, the current I flowing 
) through current source 20 and current sink 22 is directed across transmission line 
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14, through resistor 18' and back across transmission line 16 as indicated by the 
current arrows in Fig. 2. Current I generates a voltage drop across resistor 18* 
which drop is detected by comparator 19'. Conversely, when switches Bl and B2 
are closed, current I flows through resistor 18 1 in the opposite direction to that 

5 indicated by the arrows in Fig 2 and thus a voltage "drop" of opposite magnitude is 
generated across resistor 18'. Because current I changes direction, comparator 19' 
is presented with a peak-to-peak voltage swing of twice the IR drop de veloped 
across resistor 18' when current I is simply turned on and off. 

The voltage across resistor 18' should drop from a predetermined Vrioh to 

0 Vlqw. Output buffer 1 1 must therefore control the voltage across resistor 18' in 
accordance with the predetermined values for V racH and over all processes, 
voltage, and temperature conditions affecting a packaged device. A typical 
requirement is for a Vh, gh of 1.4 volts and a V^w of 1.0 volts giving a voltage drop 
across resistor 18* of 0.4 volts. For a resistor 18 1 of 100 Q, a Current of 4mA must 

5 be provided. Under this standard, output buffer 11 must provide a 4mA current and 
a voltage drop from a 1.4 volt to a 1.0 volt for a V DDQ which may vary 
between 3.0 and 3.6 volts, an operating temperature range of from 0 to 125° C, and 
all expected variations in the manufacturing process. These and other standards for 
LVDS circuits are detailed in Draft Standar d for Low-Voltage Differential Signals 

0 a VDS^ for Sc alable Coherent Interface fSCD, IEEE Draft 1.3, November 27, 
1995. 

The above analysis assumes that there is no significant IR loss in the 
transmission lines. Generally, a balanced interchip transmission line interface has a - 
resistive loss on the order of 4 mQ per foot. A 100 foot connection would thus have 
5 a voltage drop of 16 mV when driven by a 4mA current. Provided that V fflGH - 
Vlqw is not too small, this additional voltage drop may be ignored. 

It can be appreciated that the LVDS I/O circuit 10 provides several 
advantages over conventional single ended transfer techniques. For instance, 
current steering in the output buffer minimizes the ground bounce generated on the 
D transmitting chip. The differential transfer of signals on transmission lines 14, L6 
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carries the common mode voltage with it, thereby allowing operations without the 
need of a reference voltage at the input circuit. Additionally, the power dissipation 
is reduced since the magnitude of the current in the LVDS 10 is one-smarter of the 
current in conventional single ended circuits such as Gunning Transceiver Logic 

5 (GTL). Finally, the circuit may be driven with lower supply voltages than are 
applied to the core circuits on the IC, further reducing power dissipation. 

Fig. 3 A illustrates a preferred embodiment of output buffer 11 depicted in 
Fig. 2 using only n-channel in a CMOS technology. Switches Al % A2» Bl, and B2 
are formed by transistors 27-30 which have substantially the same geometric 

0 dimensions and thus have substantially the same operating characteristics . Current 
source 20 is formed by transistor 38. The magnitude of current supplied is 
dependent on gate bias voltage Vsoukce- Current sink 22 is formed by transistor 40. 
The magnitude of current sunk is dependent on gate bias voltage Vsznk- It should be 
noted that if the bias voltage Vsqurce applied current source 20 comprising transistor 

5 38 varies over a wide range, transistor 38 may accidentally be biased to behave as a 
linear device, not a current source. To prevent this, a second transistor smaller than 
transistor 38 may be placed in parallel with it and biased so it is always enabled. 
(Not shown.) This arrangement would behave as two parallel current sources or as 
a resistor in parallel with a current source, depending on the bias voltage applied to 

D transistor 38. Current sink 22 comprised of transistor 40 may also be modified 
similarly. 

Transistors 38 and 40 may alternatively be p-channel devices (see discussion 
of Fig. 3B, below). Whether a p-channel or n-channel current source or sink should 
be used is dependent to a large extent on the supply voltages and operating points. 
5 Voltages Vsqurce and V^ are adjusted by the reference circuit 45, shown in Fig. 
2, so that the current flow through the transistors results in the proper V H , GH to V u , w 
voltage drop across resistor 18* when data is being sent. The generation of Vsovkce 
and V^ will be discussed with reference to Figs. 4A and 4B below. 

Also depicted in Fig. 3A is an ideal phase splitter 31. A logic liigb or logic 
) low signal corresponding to the value of the data bit to be output is presented to 



f 



(39) mm^X 1 -8 5 3 4 3 

phase splitter 31 through input 36. This signal is then translated into two signals 32, 
34 which are 180° out of phase with respect to each other. Thus, the signal 34 from 
phase splitter 31 is effectively the inverse logic value of signal 32 as shown in the 
idealized depiction in Fig. 3A. Note that phase splitter 31 is driven at the chip core 

5 voltage V DD . Voltage V DD may be greater than or equal to V DDQ , depending on the 
I/O standard the circuit is to comply with and other design parameters;. Assuming 
that a high voltage represents a digital T, when a T is input on line 36, signal 32 
should be driven at V DD ami signal 34 should be connected to ground. When a "CP 
is input, signal 32 should be connected to ground and signal 34 should be driven to 

0 v DD . Signal 32 controls switches Al and A2 while signal 34 controls switches Bl 
andB2. 

Thus, for example, when a logic "1" is to be sent by output buffer 1 1 , this . 
value is presented to input 36 of phase splitter 31 which drives line 32 to V D0 and 
connects line 34 to ground. The high voltage on line 32 causes swhclies Al and A2 

.5 to close. The low voltage on line 34 causes switches Bl and B2 to open. This 
results in a current flow I through switches Al and A2, transmission lines 14, 16. 
and resistor 18 1 in the direction indicated by the arrows. If a logic "0" is sent, line 
32 will be connected to ground and line 34 will be driven to V DD . Switches Bl and 
B2 will close and switches Al and A2 will open, resulting in a current flow across 

!0 resistor 18' of opposite direction than when a logic "1" is sent. 

Fig. 3B illustrates an alternative embodiment of the output buffer 1 1 in Fig. 
2 using CMOS technology. Fig. 3B is similar to Fig. 3A except that switching 
transistors 27 and 29 (Al, Bl) are p-channel instead of n-channel and gain limitary 
resistor 21 is "split" and is placed after transistors 27 and 29 as resistors 21 ' and 

:5 2 1 1 r , respectively . This circuit functions identically to that of Fig. 3 A. Note, 
however, that in this embodiment switching signal 34 controls switches Al and B2 
and switching signal 32 controls switches Bl and A2. This alternate embodiment 
also shows a p-channel transistor 38 used to form current source 20. As discussed 
above, it may be necessary to place a second transistor in parallel with transistor 38 

.0 to ensure that current source 20 functions properly for all expected bias voltages. 
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Fig. 3C illustrates a preferred embodiment of input buffer 12 depicted in 
Fig. 2 with on-chip voltage controlled active resistor 18 comprising n-channei MOS 
transistors 42 and 44 connected in series and biased to gate voltage V RES . 
Transistors 42 and 44 create an active resistor with a resistance inversely dependent 

5 on Vres- Vres must be set to provide the proper termination resistance: based on the 
characteristic impedances of transmission lines 14' and 16' as discussed above. 
Typically, transmission lines 14' and 16' have a characteristic impedance of 50 Q 
each and thus Vres must be adjusted to cause a total series resistance in transistors 
42 and 44 of 100 Q. The generation of Vres will be discussed with reference to Fig. 

0 5, below. Capacitor 41 is connected between the transistors 42, 44 at node 43 and 
ground. Capacitor 41 serves to provide an AC ground for common mode signals 
which may be undesirably induced in interconnects 14 1 and 16'. It also serves as an 
AC ground for the intended differential mode signals at 14* and 16'. 

As discussed with respect to Figs. 3A through 3C, the operating points of 

5 output buffer 11 and input buffer 12 are dependent on the biasing voltages V S0URCE , 
V SMC , and Vres generated by reference circuits 45 and 79 depicted in Figs. 4 A, 4B, 
and 5. A key object of the present invention is to dynamically adjust these voltages 
over a wide range of operating parameters while still maint a ining the proper current 
flow to insure that the voltage drop across active resistor 18' is from V mGH to . 

0 when a data bit is being sent. The proper biasing voltages are generated by taking 
advantage of the fact that, in an ideal sense, transistors with the same geometries on 
the same IC will have essentially identical operating characteristics. All components 
on a single IC are subjected to the same conditions during fabrication and, ignoring 
second-order effects, operate at the same temperature and with the same supply 

5 voltage. Therefore, regardless of variations in these three parameters, if the 
operating point for a circuit with given biasing voltages is known, applying those 
biasing voltages to a corresponding circuit with the same transistor geometries will 
bias the corresponding circuit to the same operating point. 

The reference voltages Vso^ Vm* and V^ are generated by the two 
3 reference circuits 45, 79 (Fig. 2). Through the use of reference voltages V mGH and 
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Vlqw and a reference resistor R^. the transistor gate bias voltages in the first 
reference circuit 45 are dynamically adjusted to support a current I = 
(Vhigh - VlowVRsxt- The feedback-generated bias voltages are then applied to a 
second reference circuit 79, similar to the first but with die reference resistor 

5 replaced by a voltage-controlled active resistance. The components in the second 
reference circuit have the same operating characteristics as those in the first so the 
biased transistors will attempt to support the same current I = (Vhwh - Vlow^ext- 
Therefore, if the bias voltage for the active resistor is adjusted so that the voltage 
drop across it is to V^, the active resistance must have a value of Ron-. 

.0 These bias voltages can then be used to insure that all the LVDS I/O buffers 10 on 
the same chip have an input resistance of Rqct and drive the output transmission 
lines at a current I = (Vmcm - V^/IW In this way, LVDS circuit: 10 is 
dynamically adjusted to compensate for variations in temperature and supply 
voltage. 

.5 Fig. 4 A is a portion of a schematic representation of the voltage reference 

circuit 45 which dynamically generates V source and for LVDS output buffer 
1 1 depicted in Fig. 3A., but without the feedback circuits. The complete circuit is 
illustrated in Fig. 4B. With reference to Fig. 4A, voltage reference circuit 45 
contains n-channel MOS transistors 60 and 62 connected in series from V ODQ to 

0 node 54 and n-channel MOS transistors 64 and 66 connected in series from node 56 
to ground. Additionally, if a gain-limiting resistor 21 is included in output buffer 
11, as shown in Fig. 3 A, a corresponding gain- limiting resistor 61 should be 
included in the current path as indicated. Reference resistor 58 with resistance Rext 
is connected between nodes 54 and 56. The reference resistor 58 may be a high- 
5 precision external component or may be formed on the chip by e.g. , laser trimming 
techniques. Assuming that all four transistors are biased on, a current will flow 
from V DDQ through external resistor 58 and into ground as illustrated by current 
arrow I. 

Comparing Figs. 4A and 3 A, it can be seen that the partial circuit of Fig. 4A 
0 corresponds to a simplified version of output buffer 11 in Fig. 3A, containing only 
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the conducting path through the current switch. Transistors 62 and 64 in Fig. 4A 
depict closed switches Al and A2, or Bl and B2 from Fig. 3A and have the same 
geometry. The choice is immaterial since the two switch pairs are substantially 
identical. 

5 Transistor 60 in Fig. 4 A corresponds to current source transistor 38 of Fig. 

3A. Similarly, transistor 66 corresponds to current sink transistor 40. Therefore, 
the magnitude of current I, shown in Fig. 4A, is dependent on the gate bias voltages 
applied to transistor 60 at node 72 and transistor 66 at node 78 in the same way that 
the current I depicted in Fig. 3A depends on bias voltages Wsouucb and v swk as 

0 discussed above. Reference resistor 58 corresponds to resistor 18' and has 

resistance Rot equal to twice the expected characteristic impedance of the output 
transmission lines 14, 16. (If power conservation is critical, the widths of 
transistors 60, 62, 64, and 66 can be scaled down a given factor provided that the 
resistance of Rot and resistor 61 is increased by the same factor. For example, if 

5 the device width was reduced by a factor of 10 and the resistance was -increased by a 
factor of 10, the voltage operating points would remain the same but the circuit 
would only use 1/10 the power). 

The bias voltages at nodes 72 and 78, Vsovrce and respectively, are 
independently adjusted so that the current I creates a voltage drop across external 

0 resistor 58 from V maH to V^. Because the reference circuit components are 

chosen so that the circuit has the same operating characteristics as output buffer 1 1 , 
when corresponding current source and sink transistors 38, 40 (Fig. 3 A) are biased 
to these adjusted voltages, they will attempt to drive the same magnitude current 
flow I. If resistor 18' has resistance equal to Rot, this current will camse the 

5 required V raoH to V^w voltage drop across it. 

Fig. 4B is the circuit of Fig. 4A showing feedback comparators 46, 48 which 
set the proper V source and V SWK voltages. This circuit is essentially two voltage-to- 
current converters connected in a balanced configuration across an external 
reference resistance. Reference voltage V„, 0H is applied to the non-inverting input 

D of comparator 46. The voltage on reference resistor 58 at node 54 is applied to the 
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inverting input of comparator 46. If the voltage at node 54 is greater liian V^, the 
comparator output voltage Vsouhce at node 72 will decrease, causing tlie current 
through transistor 60 to drop, thus lowering the voltage at node 54 until it equals 
Vhigh- If the voltage at node 54 is lower than V^qh, the comparator output voltage 
5 increases, increasing the current and thus the voltage at node 54. In the steady state, 
the voltage at node 54 equals V maH . Analogously, V L0W is applied to the inverting 
input of comparator 48 and the voltage on external resistor 58 at node 56 is applied 
to the non-inverting input. Comparator 48 output at node 78, 

Vsinki increases or 

decreases to adjust the current until node voltage 56 equals V^. Current I will 
0 therefore be set at I = (V HIOH - V^/Rsn. For typical values for V HIGH = 1 .4 
volts, m 1.0 volt and R = 100 Q, current I is 4mA. Voltages Vsouncz and 
v sink m unity gained buffered and applied to all output buffers 11 which are 
present on the IC, biasing them to the proper operating point. 

Capacitor 70 is connected between node 78 (Ysis*) and node 74. Capacitor 
5 70 provides stability in the reference circuit by acting as a surplus current source or . 
sink to compensate for current and voltage variations caused by noise. For 
example, if I increases to I + Al, where Al is noise or another disturbance, the 
voltages at nodes 54 and 56 would increase and decrease respectively. The feedback 
loop would cause the voltage at node 78 to decrease with the voltage on node 56. 
0 However, since the node 54 (and thus node 74) voltage is increasing, capacitor 70 
feeds back this increase to cancel the initial decrease. Thus, this capacitor stabilizes 
the circuit. 

The reference circuit 45' for the alternate embodiment of Fig. 3B is shown in 
Fig. 4C. Transistor 62 is a p-chaimel device and is biased to ground. An additional 

5 stabilizing capacitor 68 has been added between node 72 (V source) and node 76. 
Capacitor 68 functions analogously to capacitor 70. In this embodiment, resistor 61 
corresponds to gain limiting resistor 21' shown in Fig. 3b. Further, current source 
60 is also a p-channel device and thus, the inverting and non-inverting inputs to 
comparator 46 must be reversed. Note that as long as there is equivalency between 

D the devices of the reference circuits and the I/O buffer, any combination of n- 
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channel and p-channel devices may be used, provided that the biasing and 
comparator polarity is adjusted accordingly. 

Fig. 5 is a schematic representation of the voltage reference circuit 79 which 
dynamically generates Vxes for LVDS input buffer 11. As shown in Fig. 3C, V^s 

5 sets the resistance across the active resistor 18 comprised of transistors 42, 44. 
must therefore be adjusted so that the active resistance is twice the expected 
impedance of input transmission lines 14 ? and 16*. Equivalently, V RRS must set the 
active resistance to be equivalent to Rett- This k accomplished through the use of a 
reference circuit with the current source, current sink, and conducting switch 

0 elements configured as in the first reference circuit (i.e., like output buffer 11), but 
replacing Ron- with an active resistance R active- 

Transistors 80, 82 and resistor 81 are connected in series between V DDQ and 
node 96, and series transistors 88, 90 are connected between node 98 and ground. 
If a gain-limiting resistor 21 is included in output buffer 1 1 , a corresponding gain- 

5 limiting resistor 81 should be included in the current path as indicated. Transistors 
80, 82, 88, 90 are biased to gate voltages V<x>v*ai> V DD , V DDQ and respectively 
(similar to Fig. 4B). These reference circuit transistors all have the same 
geometries as their corresponding elements in output buffer 11 depicted in Fig. 3 A. 
If the alternative embodiment of Fig. 3B is used, transistors 80 and 82 in Fig. 5 

0 should be p-channel devices and transistor 82 should be biased to ground, similar to 
the equivalent circuit section in Fig. 4C. The active resistance is comprised of 
transistors 84, 86 and is connected between nodes 96 and 98. Transistors 84 and 86 
have the same geometries as corresponding transistors 42, 44 which form the active 
input resistor 18, illustrated in Fig. 3C. It should be noted that the active resistors 

5 may be formed using n-channel or p-channel devices, depending on the: actual values 
of cottages Vh, gh and V^w. 

Current I will flow from V DDQ to ground and generate a voltage drop across 
the active resistor V = I * Racttve- Because of the equivalence between the circuit 
components discussed above, when Vsource and Vsom are applied to transistors 80 

0 and 90 respectively, the transistors will try to support a current equal to the same 
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steady-state current I = (V^^ - V^)/!^. that exists in reference c ircuit 45 of 
Fig. 4B. The voltage at node 96 is compared with V mGH by comparator 92, whose 
output Vres controls the active resistance. The feedback loop will dynamically 
adjust the resistance until the voltage at node 96 equals V mGH . Because of the 
5 equivalence between these circuit components and those in reference circuit 45, 
discussed above, when the voltage at node 96 equals V^^, current I from V DDQ to 
node 96 is the same as in reference circuit 45, i.e., O^high - Vlqw)/Rzxt> and the 
voltage at node 98 is V^. Therefore, the active resistance Racitve set by V,^ 
must be (V mGH - V^^/I = R^. The control voltage is buffered and used to 

.0 set the resistance of all input buffer active resistors 18 (Fig. 3C) equal to Rex,.. 
Capacitor 94 is connected between node 100 and ground and may be formed by an 
n-channel transistor with the gate connected to node 100 and both the source and 
drain connected to ground. Capacitor 94 has (he same layout dimensions as 
capacitor 41 in Fig. 3C and is duplicated in the circuit of Fig. 5 to insure that local 

5 topographical conditions are identical in all cases when this resistor is used. 

For the typical values of V mGH = 1.4 volts, = 1.0 volts and = 
100 Q, when transistors 80 and 90 are biased at V source and Vg^, they will attempt " 
to support a current flow of 4mA. Comparator 92 will adjust voltage until the 
voltage at node 96 equals a V m( M of 1 .4 volts. The voltage at node 98 will 

0 automatically be set to Vum of 1.0 volts because of the equivalence with the circuit 
elements used to generate the applied current source and sink biasing voltages 
V source and Vg^. Therefore, the active resistance will have a voltage drop of 1 .4 
to 1.0 volts with a current of 4mA and thus will set R AcnV E to 1M Q - 
Applying to transistors 42 and 44 comprising input resistor 18 (Fig. 3C> will 

5 therefore create the desired input resistance of 100 Q. 

Fig. 6 is a schematic diagram of output buffer 11, shown in Fig. 2, further 
including an active on-chip resistance 101 connected across transmission lines 14 
and 16 and in parallel with resistor 18'. Active resistor 101 is comprised of series 
transistors 102 and 104 with capacitor 106 connected between them at node 108 to 

0 ground. Transistors 102 and 104 have substantially the same geometries as the 
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active resistances discussed above. Therefore, when the gates of transistors 102 and 
104 are biased to V^, active resistor 101 will have a resistance equal to Rcxt- This 
additional resistance will absorb signals which are induced in the transmission lines 
14, 16 and flow back to the output buffer 11 and will also improve the matching 

5 characteristics of the output buffer 11 to the transmission lines 14, 16 by ensuring 
that the output buffer 11 and transmission lines 14, 16 are properly balanced In 
this embodiment, bom ends of the balanced transmission lines 14, 16 are terminated 
by a resistance and therefore the output buffer 1 1 must provide double the current to 
maintain the proper V raG H to V^w drop across resistor 18* . This may be 

0 accomplished by doubling the width of the current source and switch transistors in 
the driving circuit (i.e., switch transistors 27-30 and current source/sink transistors 
38, 40). Alternatively, this may be done by duplicating output buffer to provide two 
identical circuits operating parallel to each other, each supplying one-half of the 
required current. Capacitor 106 functions as an AC ground and may be formed by 

5 an n-cbannel transistor with the gate connected to node 108 and both the source and 
drain connected to ground. 

Fig. 7 is a schematic diagram of input buffer 12, shown in Fig. 3C, further 
including an internal 1-bit RAM cell 110 located between active resistance 18 and 
comparator 19. The RAM cell 110 of the input buffer 12 provides hysteresis which 

0 prevents the output of comparator 19 from oscillating when input lines 14' and 16 
are not being actively driven. RAM cell 110 is formed using the same circuit 
configuration as in output buffer 11 of Fig. 3A to insure that this memory cell limits 
the voltage swing to the same voltage levels being generated by the output buffer. 
An equivalent circuit with p-channel devices can also be made similar to the p- 

5 channel embodiments discussed above. The sizes of the components in RAM cell 
1 10 may be scaled down from corresponding device sizes in output buffer 11 
because it does not need to supply current to drive the output transmission lines 14' . 
16\ 

An alternative embodiment of I/O buffer 10 is illustrated in Figs. 8 and 9. 
0 This embodiment allows multiple I/O buffers to share a single pair of connecting 
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wires by including enabling and disabling means to allow the circuit to be n tri- 
statable. 0 Fig. 8 shows the output buffer 11 further including data out: enable circuit 
200 and active on-chip output resistance 101 further including resistance enable 
circuit 202. 

5 Data output enable circuit 200 is controlled by data out enable signal DO roB 

and is comprised of gates 204 and 206 which pass signals 32 and 34 when enabled 
by DOemb and bias switches 27-29 in a non-conducting state when disabled. These 
gates may be AND gates as shown in Fig. 8A or any other circuit which performs 
the enabling function. Also, depending on the enabling circuitry employed, DO^* 

0 may be active high or active low. Further, if inverting gates are used, the polarity 
of the phase splitter 31 may have to be reversed by, e.g., switching the connection 
of signal 32 with signal 34. Four gates can be used, one for each switch to ensure 
that the edges can be adjusted independently of one another for high speed 
operation. (Not shown.) 

5 Resistance enable circuit 202 is a switching circuit controlled by resistance 

enable signal that biases transistors 102, 104 of active resistance 101 to either 
Vres or ground. In one embodiment, resistance enable circuit 200 is comprised of 
inverter 208 which drives transmission gate 210 and transistor 212. When Ren B is 
active, transmission gate 210 is in the conducting state, transistor 212 is non- 

3 conducting, and is applied to active resistance 101. When is not active, 
transmission gate 210 is non-conducting and transistor 212 is on, thus biasing 
transistors 102 and 104 at ground and placing them in non-conducting states, so they 
produce a higher resistance instead of about 100 □. 

Fig. 9 is a circuit diagram of the output buffer 1 1 shown in Fig. 8 and the 

> input buffer 12 connected to the same transmission line pair 14, 16 as genericaliy 
indicated in Fig. IB. In this configuration, resistor 101 controlled by switch circuit 
202 may function as either an output resistor as indicated in Fig. 6 or as an input 
resistance as indicated in Figs. 2 and 3C. The connections between data out enable 
circuit 200 to switches Al f A2, Bl, and B2 and the biasing voltages are not shown 

) for clarity. It can be appreciated that input comparator 19 will detect the voltage 
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generated across transmission lines 14 and 16. If I/O buffer 10 is transmitting data, 
switches Al, A2, Bl t and B2 will be enabled. If the buffer is only receiving data, 
the switches can be disabled. Resistor 101 should be enabled if it is necessary to 
provide a terminating resistance for transmission lines 14 and 16. 

5 Fig. 10 shows four I/O buffers 300, 302, 304, and 306 as in Fig. 9 with 

input buffers 330, 332, 334, and 336 and output buffers 340, 342, 344, and 346 
respectively. I/O buffers 300-306 are arranged in a bus configuration as shown in 
Fig. IB. The buffers are connected by a single pair of transmission lines 14, 16 and 
each has a voltage controlled resistor 310, 312, 314, 316 and enabling switch 318. 

0 320, 322, and 324 respectively as discussed with respect to Figs. 8 and 9, above. 
Data that is transmitted on transmission lines 14 and 16 is detected by all the input 
buffers 330, 334, 336, and 338. Each buffer may be located on a separate IC and 
the arrangement is not limited to four I/O buffers. 

I/O buffers 300 and 306 are connected to transmission lines 14 and 16 at the 

5 terminating points. To provide a proper terminating resistance, resistors 310 and 
316 in I/O buffers 300, 306 are connected across transmission lines 14 and 16 by 
enabling switches 318 and 324 as shown. Resistors 312 and 314 in buffers 302 and 
304 are disabled so that current is not unnecessarily drawn from transmission lines 
14, 16. 

D The output buffers 340, 342, 344, and 345 are enabled or disabled depending 

on whether they are transmitting or receiving data. For example, assume that output 
buffer 340 in buffer 300 is enabled and is driving a data signal onto the- bus. Half of 
the current will flow through resistor 310 and the other half will flow through 
resistor 316. Resistors 312 and 314 as well as output buffers 342, 344, and 346 are 

> all in the disabled state so that they do not draw any current. Thus, the voltage drop 
across resistors 310 and 316 will be the proper V mGH to V L0W voltage drop in 
accordance with the biasing voltages V source* v swk. v res. set by the reference 
circuits based on reference voltages and V^w, and external reference resistor 
Ron- as discussed above. This voltage drop is detected by input buffers 330, 332, 

) 334, and 336. When data is sent by buffer 302, output buffer 342 is enabled and 

output buffers 340, 344 and 346 are disabled. Half of the source current flows to 
the right and through resistor 316 and the other half goes to the left through resistor 
310. Note that the enabled/disabled configuration for resistors 310, 312, 314, and 
316 does not have to be changed. The configuration can be set during startup. 



4 . 



B : i f f D e 5 c r : p : 



(49) 1 - 8 5 3 4 3 

Fig. 9 is a circuit diagram of an input buffer and output buffer connected io 
parallel to a single data bus; and 

Fig. 10 is a circuit diagram of four I/O buffers as in Fig. 9 connected to a 
common bus as shown in Fig. IB. 
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A low voltage differential swing interconnect I/O buffer with an output 
buffer part comprising a voltage controlled current source, voltage controlled 
current sink, and a current switch and an input buffer part comprising a voltage 
controlled resistance. The output current and input resistance of the I/O buffer is 
determined by biasing voltages which are generated by on-chip reference circuits 
and applied to the voltage controlled components of the I/O buffer. Using two input 
reference voltages and a single reference resistor, the reference circuits dynamically 
adjust the biasing voltages so that the I/O buffer maintains the required output 
current and input resistance for all manufacturing process, supply voltage, and chip 
temperature variations. 

2 Representative Erasing 
Figure 2 



